SUMMARY The possible influence of a family history of hypertension on some variables of adrenergic blood pressure regulation was assessed. Blood pressure, heart rate, plasma renin activity, adrenaline and noradrenaline concentrations, and plasma or urinary electrolyte estimations did not differ significantly between two groups of normotensive subjects matched for age and sex with and without a family history of hypertension. Compared with subjects without a family history, however, an appreciably decreased pressor dose of infused noradrenaline, a distinct shift to the left in the relation between noradrenaline induced changes in mean arterial pressure and concomitant plasma noradrenaline concentrations, and an enhanced pressor response to given increases in plasma noradrenaline concentrations occurred in the group with a family history.
The development of essential hypertension may be predisposed to by certain familial abnormalities in cardiovascular control mechanisms. Several isolated disturbances have been reported in normotensive offspring of hypertensive parents and include: (a) an exaggerated sensitivity of the forearm vasculature to exogenous noradrenalinel or of the renal vessels to psychological stimuli,2 (b) an increased responsiveness of blood pressure to mental stress3 or dietary potassium restriction,4 (c) high plasma catecholamine concentrations during stress,3 (d) a tendency to low plasma volume,5 and (e) defects in the transmembranous cation transport of blood cells.67 Whether, and to what extent, these aberrations are hereditary components in the pathogenesis of essential hypertension is presently unclear. Moreover, exaggerated vascular or pressor responses to noradrenaline' or stress3 could either be a primary abnormality in end organ sensitivity or reflect altered activity of the sympathetic nervous system or other regulatory components or both.
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Accepted for publication 27 October 1983 might allow a more integrated assessment of noradrenergic blood pressure control in man. Since no such data have been reported we undertook the present study to determine the relation between cardiovascular noradrenaline pressor All subjects were instructed to take a normal diet free of very salty food and without added salt at least five days before the study.'0 1 1 All were informed about the investigative nature of the study and gave their informed consent. During the 24 hours before the study urine was collected for determining sodium and potassium excretion rates. On the morning after an overnight fast with the subjects resting supine an intravenous infusion of 5% dextrose in water (0-1 ml/min) was infused slowly during a 60 minute equilibration period. Basal blood pressure and heart rate were measured and blood samples collected through an indwelling intravenous cannula (positioned at least 30 to 60 minutes before on the opposite arm to the infusion) for determining basal plasma sodium, potassium, creatinine, noradrenaline, and adrenaline concentrations and plasma renin activity. These measurements were obtained between 8 am and 10 am. The dextrose infusion was then replaced by a solution of levarterenol bitartrate in 5% dextrose (60-120 mmol noradrenaline base/l). Noradrenaline was infused at different rates, which were maintained over 20 minutes and increased stepwise. All subjects received at least three different dose rates of noradrenaline (mean +SD, 0-13+0-03, 0.26±0-08, 0*63+0.14 nmol/kg/min in group 2 and 0-12±0-01, 0-24+0.02, and 0.61±0.05 in group 1). In 15 subjects in group 2 and in seven in group 1, a further infusion step with 1-20+0-11 and 1.21±0.12 nmol/kg/min respectively was necessary to increase mean arterial pressure by at least 20 mm Hg. Blood pressure and heart rate were measured every 60 seconds during the last 10 minutes of each infusion step, and blood samples were obtained at the end of each infusion step for determining plasma noradrenaline concentrations.
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Discussion
In the present study an exaggerated mean cardiovascular pressor response to infused noradrenaline occurred in normotensive members of hypertensive families compared with that in age and sex matched members of normotensive families. On the other hand, there was no evidence of alteration in basal adrenergic tone since blood concentrations of noradrenaline and adrenaline and renin activity did not differ significantly between the two groups. The disturbance in subjects with a family history of essential hypertension was characterised by (a) a significant (p<0001) decrease in the noradrenaline pressor dose, (b) a significant (p<0-001) shift to the left in the relation between noradrenaline induced changes in mean arterial pressure and plasma noradrenaline concentrations measured before and during noradrenaline infusion, and (c) a significantly (p<0-01) enhanced pressor response when plasma noradrenaline concentrations increased by 20 nmol/l). In a previous report another response index-namely, the sensitivity of forearm blood flow to noradrenaline-was also increased in normotensive sons of hypertensive parents'; however, concomitant measurements of endogenous plasma noradrenaline concentrations were not available. The latter factor is important for interpretation, since noradrenaline pressor responsiveness correlated inversely with basal plasma noradrenaline concentrations in normotensive subjectsI' 13 as well as in those with borderlinel2 or established essential hypertension.' 1 13 In our normotensive subjects plasma concentrations of noradrenaline were normal and comparable with those previously observed in our and other studies-10 1221 The association of exaggerated noradrenaline responsiveness with normal plasma noradrenaline concentrations in our normotensive subjects from hypertensive families is consistent with a disturbed relation between sympathetic nervous activity and cardiovascular reactivity to the sympathetic input.
Since the two study groups were selected on the basis of their family history of essential hypertension using complete medical data from their parents, siblings, and grandparents, familial clustering of hypertension could be reliably estimated. Our group of sub-.:
jects with a family history was not homogeneous as subjects with one or two hypertensive parents were included. The latter have been reported to develop hypertension more often than the former.22 A study of a homogeneous group of subjects with two hypertensive first degree relatives would possibly reduce the overlap of individual noradrenaline responses with those observed in subjects from normotensive families. Thus mean noradrenaline pressor dose tended to be even lower in the six subjects with two hypertensive parents than in the 18 with only one hypertensive parent (422 vs 511 pmollkg/min). Nevertheless, the tendency for exaggerated noradrenaline reactivity was clearly apparent and significant in the study group as a whole.
Familial factors include the effects of inheritance or environment or both. This study did not distinguish between genetic or environmental factors. Studies of adoptees23 and twinS24 provide some evidence that a major factor is inherited.
Several mechanisms modify pressor responses. Exaggerated pressor responses could result from altered baroreflexes or excessive sodium intake or increased extracellular contents of sodium and fluid volume.25 26 Since noradrenaline has a direct cardiac action an exact assessment of baroreflex responses could not be made during noradrenaline infusion. Nevertheless, the obvious similarity of changes in heart rate during infusion of noradrenaline in our normotensive subjects without and with a family history of hypertension suggests that the increased pressor response in the latter group was not due to decreased baroreflex sensitivity.
Dietary sodium and potassium intake, as judged by 24 hour urinary excretion rates, also did not differ between the two groups. Moreover, a tendency for low blood volume in normotensive members of hypertensive families5 would be expected to blunt rather than increase cardiovascular pressor responsiveness. Moreover, the exaggerated noradrenaline responses in the normotensive members of hypertensive families could not be explained by altered metabolism of circulating noradrenaline, since the relation between noradrenaline infusion rates and plasma noradrenaline concentrations was similar in both groups. Increased pressor responses may develop as a consequence of hypertension induced structural changes in the blood vessel walls,27 but the actual blood pressure was similar in the two groups, and none of the subjects had a known previous episode of hypertension. Hypertensive families may possibly carry an abnormality in the regulation of vascular smooth muscle cells. Whether defects in blood cell cation transport6 7 reflect a more generalised disturbance also affecting cardiovascular muscle cells is presently unclear. Nevertheless, such a mechanism could attract enough calcium into cells to cause an increase in vascular tone. 28 Another, but similarly speculative, mechanism may be a deviation from the physiological relation between certain vasoconstrictor and vasodilator prostaglandins. 29 Essential hypertension is commonly associated with a disturbed relation between plasma noradrenaline concentrations and the cardiovascular responsiveness to noradrenaline. Previous studies in patients with established hypertension showed exaggerated depressor responses to sympathetic inhibition30 and an increased pressor responsiveness to noradrenalineI'-13 despite normal" or sometimes even highl3 plasma noradrenaline concentrations. Patients with borderline hypertension had a similar disturbance.'2 Our observations suggest that an imbalance between cardiovascular noradrenaline responsiveness and circulating noradrenaline is a common familial disturbance which often precedes and possibly predisposes to the development of essential hypertension.
